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SYNOPSIS

The pharmacokinetics of levobupivacaine have been documented with data from twelve
(12) human studies involving two hundred and thirty four (234) subjects after the different modes of
administration for different surgical procedures from the: perspective-of-the secondary effects. Human
metabolism, excretion and protein binding of levobupivacaine have been adequately studied.
Levobupivacaine is extensively metabolized with no unchanged levobupivacaine detected in urine or feces.
Recovery of the radiolabelled dose of levobupivacaine was essentially quantitative with a mean total of
about 95%being recovered in-urine and feces in 48 hours. .Of this 95%, about 71% was in urine while
24% was in feces. Metabollc;mvemonof levobuplvacalne to R(+) bupivacaine was not evident both in vitro
and in vivo. In vitro studies using [“C]Levobuplvacame showed that CYP3A4 isoform and CYP1A2 isoform
mediate the metabolism of levobupivacaine to desbutyl levobupivacaine and 3-hydroxy levobupivacaine,
respectively. Plasma protein binding evaluated -in. vitro-showed that ['“C]Levobupivacaine was bound to
the extent of >97% -and the binding was linear in the concentration range of 0.01-1 ug/mL. The
pharmacokinetics of levobupivacaine was adequately characterized. After IV infusion in healthy
volunteers, the mean clearance, volume of distribution, and terminal half-life values of levobupivacaine
were 39 liter/hour, 67 liters, and 1.3 hours respectively. For bupivacaine racemate, these values were very
similar to those of levobupivacaine. Between the R(+)-bupivacaine and S(-)-bupivacaine enantiomers of
bupivacaine, the volume of -distribution was slightly higher -for R(+)}-bupivacaine over that of S(-)-
bupivacaine. This is also evident by the higher Crax and AUC values for the S(-)}-enantiomers of
bupivacaine compared to the R(+}-enantiomer of bupivacaine. Pharmacokinetic data was also submitted
after the administration of levobupivacaine and bupivacaine in patients for epidural, local infiltration,
ophthalmic and peripheral nerve blocks. Overall, in all these studies, the phammacokinetics of
levobupivacaine and bupivacaine were similar. In general; the AUC values of levobupivacaine were slightly
higher over those of bupivacaine. Similarly,- between the R(+)-bupivacaine and S(-)-bupivacaine
enantiomers of bupivacaine, the Cmax and AUC values for the S(-}-enantiomer of bupivacaine were slightly
higher compared fo the R(+)}-enantiomer of bupivacaine. The ratio of umbilical venous and maternal
concentration of levobupivacaine, bupivacaine and the R(+)- and S(-)- enantiomers ranged from 0.252 -
0.303 after the administration of up to 150 mg of levobupivacaine and bupivacaine epidurally prior to the

start of surgery for cesarean section..

RECOMMENDATION _

NDA 20-997 can be approved from the viewpoint of Office of Clinical Pharmacology and
B:opharmaceuhcs provided a mutually acceptable language can be worked out on the pharmacokinetics
section of the package insert The sponsor should submit pediatric pharmacokinetic data as soon as
possible once the ongoing studies are completed.
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1.0. INTRODUCTION - -- ~

Bupivacaine hydrochlonde whlch consists of a racemic mixture of levobuplvacame (S(-})
and dextrobupivacaine (R(+)-), has been widely marketed as a local anesthetic in the United States and
throughout the world for a number-of. years.: Bupivacaine is cumently marketed in the United States with
and without epinephrine in strengths of 0.25%, 0.5%, and 0.75% as Marcaine® and Sensorcaine®.

The R(+)- and S(-}- enantiomers of bupivacaine -are considered to be -equipotent with
respect to the local anesthetic potency. However, R(+}- enantiomer is considered to have a higher central
nervous system and cardiovascular toxicity relative to the S(-}- enantiomer. Therefore, levobupivacaine,
the $(-)- enantiomeric form of bupivacaine, subject-of the current NDA was developed by Darwin
~ Discovery Limited with the rationale that levobupivacaine has a lower propensity to cause CNS and
CVS toxicity with an equivalent efficacy. compared to. bupivacaine at equivalent doses. Data to
support this rationale is submitted to Nonclinical Pharmacology and Toxicology and Clinical sections of this
NDA. o

Levobupivacaine is not marketed in any country at this ime. A marketing license
application was filed in Sweden in December of 1997 and is currently under review.

About twenty six (26) clinical frials involving fourteen hundred and six patients (1406) were
conducted to demonstrate the safety and efficacy of levobupivacaine injection relative to bupivacaine for
use in obstetrics, epidural anesthesia, epidural infusion for pain management, and peripheral nerve block.

Levobupivacaine is not dependent on the general circulation for exerting the regional anesthesia.
However, Levobupivacaine administered for producing regional anesthesia through epidural and
local infiltration is absorbed into systemic circulation where the secondary pharmacological effects
such as CNS and cardiovascular toxicities occur. .The pharmacokinetics of levobupivacaine has been
adequately documented with-data from.twelve_(12)-human.studies involving.two hundred and thirty four
(234) subjects after the different modes of administration for different surgical procedures from the
perspective of the secondary effects.

The proposed dosage recommendations for levobupivacaine are as follows: epidural for
surgery, 50-150 mg; epidural for cesarean section, 100-150 mg; intrathecal, 15 mg; peripheral nerve block,
150 mg; ophthalmic block, 37.5-112.5 mg; local infiltration, 150 mg; dental block, 25-75 mg; bolus epidural
for labor analgesia, 25-50. mg; continuous. epidural for. labor. analgesia,. 7.5-17.5 mg/our, continuous
infusion for post-operative pain, 5-25 mg/hour (the proposed package insert is attached in Appendix fl).
Levobupivacaine is also proposed to be used.in children (down to the newboms) for local infiltration (at a
dose of 1.25-2.5 mg/kg) and epidural for surgery (at a dose of 1.0-1.5 mg/kg).

2.0. PHYSICOCHEMICAL PROPERTIES & FORMULATION
Levobupivacaine HCL is a white crystalline solid that is soluble in water (>100 mg/mL).

The partition coefficient (oleyl alcoholiwater) is 1624 and the pKa is 8.09. The level of (R)-bupivacaine is
controlled in the active ingredient specification to not more than 1.5%. Levobupivacaine Injection is a
sterile, non-pyrogenic (pH 4.0-6.5) aqueous solufion containing levobupivacaine hydrochloride equivalent
to 2.5 mg/mL, 5.0 mg/mL, and 7.5 mg/mL of levobupivacaine base, sodium chloride for isotonicity, and
Water for Injection. = Sodium hydroxide and/or -hydrochloric acid may be added to adjust the pH.
Levobupivacaine Injecﬁon is preservative free and is available in 10 mL and 30 mL single dose vials.

3.0. LEVOBUPIVACAINE METABOIJSM AND PROTEIN BINDING . '
Using pooled human liver microsomes (from Iivers of 13 individuals), kinetics of the
formation of the major metabolite of both [*“C]Levobupivacaine and racemic [“C}bupivacaine were
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determined (Study 160501) and various metabolic inhibitors were added to the preparation to evaluate the
specific cytochrome-P450 isoforms responsible for its formation. Clinically relevant concentrations of the
substrates and inhibitors were used in this in’ vito study. [“C]Levobupivacaine was found to-be
metabolized predominantly o 3-hydroxy- and desbutyl metabolites. Ketoconazole, an inhibitor of the
CYP3A4 isoform, was found to inhibit the formation of the desbutyl levobupivacaine to the greatest degree,
suggesting that the. CYP3A4 isoform of the cytochrome P450 was involved-in the formation of desbuty!
levobupivacaine. Furafylline, a selective inhibitor ‘of "CYP1A2 inhibited the formation of 3-hydroxy
levobupivacaine suggesting that CYP1A2 lsoform ls mvolved ll'l the fom\ahon of 3-hydroxy
levobupivacaine.

- For-["C]bupivacaine, the major-routes of metabollsm were 3- and 4-hydroxy buplvacame
and desbutyl bupivacaine. “The 3- and 4-hydroxylation pathways were shown to"be mediated through
CYP1A2 and dealkylation (desbutytation) through CYP3A4.

Plasma protein binding evaluated in vitro showed that [**C]Levobupivacaine was bound
to the extent of >97% and the binding was finear in the concentration range of 0.01-1 pg/mL (in vitro
study 159721). [“C]Bupivacaine also exhibited similar in vito plasma protein binding as that of
['“C]Levobupivacaine. It should be noted that whole plasma was used in this in vitro study and therefore it

-is not known as to which of the specific plasma proteins are involved in the binding of these drugs.

4.0. MASS BALANCE

This was a phase |, open label, nonrandomized study conducted in four healthy male
volunteers (4) investigating the plasma kinetics of levobupivacaine and total radioactivity and the rates and
routes of excretion of total radioactivity following intravenous infusion (15 minutes) of 40 mg [“C}
levobupivacaine (study 011756).

Recovery of the dose was essentially quantitative with a mean total of about 95%
being recovered in urine and feces in 48 hours. Of this 95%, about 71% was in urine while 24% was in
feces. HPLC analysis showed.that the major component seen in the pooled urine and pooled feces
samples was polar accounting for 75% and 100% of the radioactive dose excreted in urine and feces,
respectively. No parent compound was seen in either of the urine and feces samples, Two other peaks
were detected in the HPLC analysis of pooled urine, which accounted for about 12.2% and 12.5% of the

. radioactivity excreted in urine. Further investigation info the nature of the radioactivity excreted in the urine

and feces indicates that the major metabolites seemed to corespond-to-hydroxylevobupivacaine and
sulphate and glucuronide conjugates of hydroxylevobupivacaine.

The pharmacokinefic parameters of total radioactivity and levobupivacaine are shown in
Table 1. The terminal half-life of the total radioactivity is only slightly longer than that of
levobupivacaine indicating the rapid elimination of the levobupivacaine dose without any
accumulation of levobupivacaine and/or its metabolites. '

Table 1. Pharmacokinefic parametars of total radibacﬁvlty and levobupivacaine aftar a 15-minuts intravenous
infusion of 40 mg [*CHevobupivacaine {(mean + SD). .

135+£0.13
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§.0. METABOLIC INVERSION—. — - -

The level of R(+)-buplvacame is comrolled in the achve lngred" ent specrﬁcaﬁon to not more
than 1.5%. Stability studies have shown no evidence of interconversion on storage. The in wvitro chiral
inversion of levobupivacaine to R(+}-bupivacaine by human fiver slices was studied in vitro (in vitro study
CHO1/332514). Even though, the concentrations of levobupivacaine declined during the incubation period,
no R(+)-bupivacaine-was-detected in-the samples-analyzed-(limit of detection-for R(+)-bupivacaine was
2.5% of initial levobupivacaine concentrations)--Similarly, no R((+)-bupivacaine was- detected in the plasma
samples analyzed from pahents administered levobupwacame:— o

6.0. INTRAVENOUS PHARMACOKINETICS - = e B

Two studies (study 030302 and study 004801) were eonducted evaluahng the
pharmacokinetics of levobupivacaine after the administration of levobupivacaine, and those of racemic
bupivacaine, R(+)- and S(-}- enanuomers aﬂer the admlmstraﬁon of buplvacame mtravenously in healthy
volunteers. TIE -

Study_030302° was: a. phase I double—blind randomnzed two-way cross-over study
conducted in twelve (12) healthy-male volunteers. The subjects. were randomized to receive one 40 mg
dose of either levobupivacaine or bupivacaine-as-an:intravenous:infusion over:eight.(8) minutes on: two
occasions separated by-a washout-period ‘of seven (7) days.” The objechve was" to find out:if the
phammacokinetics of levobupivacaine and bupivacaine were similar— - -

Plasma concentration-ime profiles (mean +s.d.) are presented in Fgure 1 and mean and
standard deviations of the pharmacokinefic parameters calculated are presented in Table 2. The plasma
concentration-ime profiles of levobupivacaine and racemic bupivacaine appear to be very similar. The
mean clearance, volume of distribution, and terminal half-life values of levobupivacaine were 39
literfhour, 67 fiters, and 1.3 hours, respectively. For bupivacaine racemate, these values were very
similar to those of levobupivacaine. - ‘There was no- statistical difference between- any of the
pharmacokinetic parameters of Jlevobupivacaine and . bupivacaine. - No formal analysis of the
~ differences in pharmacokinetic parameters of enantiomers was performed. Even though, there do not seem
to be any gross differences between R(+)- bupivacaine and S(-)-bupivacaine of the. racemate, there seems
to be some slight difference in the volume of distribution values between R(+)- and S(-}-enatiomers of
racemic bupivacaine. S(-)}-enantiomer of bupivacaine appears to have a lower volume of distribution
compared to the R(+}-enantiomer of bupivacaine. This is also evident by the higher Cmax and AUC values
for the S(-}-enantiomer of bupivacaine compared to the R(+}-enantiomer of bupivacaine. .-

* Table 2. Pharmacokinetics of levobupivacaine aftor the administabon of 40 mg levobupivacaine, and those of racemic
bupivacaine, R(+}- and S(-}- enanfiomers after the administraion of 40 mg bupivacaine intravenously in healthy

-~ volunteers (mean + SD).
. 1.421+0224 X 5 X .
1.153 40447 1.166£0.400 | 0.478 £0.166 ] 0.715 10261
127 £0.37. 1.15+£0.41 108 +0.17 1.34+£0.44
66.91+18.23 59.97 + 17.65 68.58 £21.02 5673+ 15.14
3906+1329 | 3812% 1?_63 | 4672 £9607 46.72 + 16.07
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Figure 1. Concentration-Time pmﬁlés. (mean +sd) of levobupivacaine, racemic bubivacaine and R(+}- and
S(-}- bupivacaine in healthy male volunteers.

Study 004801 was a Phase | double-blind, randomized, cross-over study conducted in 14
heatthy male volunteers. ~ Each volunteer was randomized to receive levobupivacaine or racemic
bupivacaine (0.5%) as a constant rate infusion (2mUL/minute, maximum dose of 150mg,) on two separate
. occasions separated by an interval_of at_least 7 days. The objective was to determine if doses of
levobupivacaine and bupivacaine produced different degrees of cardiovascular toxicity. In addition, blood
samples were taken for pharmacokinefic analysis.

Eleven patients were included in the levobupivacaine analysis, and 9 in the bupivacaine
analysis. Even though the patients could be dosed up to 150 mg, the doses ranged from 22.5 mg to 110
mg for bupivacaine, while the doses ranged from 17.5 to 150 mg for levobupivacaine resulting in a varied
dosing history for the different subjects. )

No formal statistical analysis was performed on the pharmacokinetic parameters
obtained from this study as the relatively high limit of cletection of the bupivacaine isomers (0.3
pg/mL) in the assay method used in this- study would result in inaccurate calculation of
pharmacokinetic parameters (for most of the subjects, plasma concentrations could not be reliably
quantitated past 2-4 hours). LOQ in majority of studies that used a different assay method was 10
ng/mL.

7.0. EPIDURAL PHARMACOKINETICS '

No separate phammacokinefic studies were conducted investigating the epidural
pharmacokinetics of levobupivacaine. However, blood. samples were obtained from a subset of patients
from five clinical studies (studies 030276, 030632, CS001, 006175, and CS005) and pharmacokinetic
analysis was conducted on data from these patients.

Labor

Study 030276 was a Phase Ill, double-blind, randomized, paralle! group study comparing
the efficacy, safety and pharmacokinetics of 0.25% levobupivacaine with 0.25% racemic bupivacaine in
obstetric patients receiving epidural analgesia during labor. Analgesia was initiated with 10 mL (25 mg) of
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study drug with the provision for patients to receive an additional seven bolus injections as top-ups (total
dose of 200 mg). One hundred and sixty-nine patients in total were randomized and samples were
collected from 20 patients. Blood samples were collected at 0, 10, 20, 30, 45 and 60 minutes after the first
injection of study drug. The pharmacokinetic parameters calculated are presented in Table 3.

The mean Ceu after the epidural injection of a 25 mg dose of levobupivacaine was
0206 pg/mL. The mean Cux of bupivacaine ‘was -sfightly -lower-but similar to that of
levobupivacaine. Between R(+)-bupivacaine and S(-)-bupivacaine of racemic bupivacaine, the mean Cmax
of S(-)-bupivacaine was higher. Since blood :samples were collected for up to 1 hour only after
administration of study drug, a-reliable estimate of the termmal ratemnsmnt cannot be obtamed and use of
AUCo gominues €Ven for gross oompansons :s not appnopnate. ale N .

Table 3. Phamacokinefic pmetars of lavobuplvacane raoemic bupivacun R(+)- bupmmme -and, S()- bupwacame n
pabents in labor. S .

-1:0:25% Bupivacaine L R{tk:b : g
0.183 +0.076 0.087 +0.031 0.103 +0.037 _

J0273009 -~ " |03020.14 028 +0.07

" 10.089 :tOOG‘l . ]0036°+0.029 0.051 £0.034

Trmtiae - mhee s EETR B

Caesarian section

Study 030632 was a Phase I double—brnd randormzed oontmlled trial comparing the
efficacy and safety of 0.5% levobupivacaine with 0.5% bupivacaine in patients undergoing elective
Caesarian section performed under epidural anesthesia. Epidural blocks were initiated with 25 mL of study
drug (125mg) with the option of an:additional 5'mL . (total dose 150mg) prior to the start of surgery (100-150
mg is recommended in the proposed-package insert).” Sixty-seven patients-in total were randomized to the
study, blood samples from 19 patients were evaluated-for pharmacokinefic analysis. The results of the
pharmacokinetic analysis- are presented in Table 4, and the mean concentration-ime profiles are
presented in Figure 2.

Table 4. Pharmacokinefic parameters (mean +£d) of 0.5% levobupivacaine, 0.5% bupivacaine racemate,
R{+}- bupivacaine and S(-}- bupivacaine in paients undergoing elecfive Caesarian saction

1135 :I:0402 0.535 +0.175 0601 :1:0.229

11370321

0.56 +£0.12 055 £019 - |1055-+0.19 - 0.52 +0.18
3289 +0.774 J3.041 £0663 1.470 £0.349 1571 £0325

N

The mean Cy after the epidural injection of a 150 mg dose of- levobupivacaine was
1.137 pg/mL. The mean Cn« of bupivacaine was similar to that of levobupivacaine.

NDA 20-997, Levobupivacaine Injection 8
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Figure 2. Concentration ﬁme profiles (mean sd) of levobupivacaine, racemic buplvacame and R(+)- and
S(-) buplvacame in pabents undergom_é!_ecﬁV?Caesanan section.

Study CS001 was.a Phase lil ‘double-blind, randomized, controlled trial comparing the
efficacy and safety of 0.5% levobupivacaine with 0.5% bupivacaine in patients undergoing elective
Caesarian section performed under epidural anesthesia. Up to 30 mL (total dose of 150 mg) study drug
was administered prior to surgery (100-150-mg is recommended in-the proposed package insert).. Sixty-
three patients in total were randomized with samples.collected from 18 evaluable patients. The results of
the pharmacokinetic analysis are presented in Table 5.

Table 5. Pharmacokinefic pmtars of levobupivaeame bupwacame and the R(+}- and S(-}- enanfiomers in pafients

% Levobuphescaine | 0.5% Bupivacaine i:R(¥)-bupivacaine | St bupt
1.207.4£0.388 1.102 +£0.356 0505 +0.166 0600:!:0190
0.49 £0.23 0534027 -1055+£027 0.45+023
ATR+1.198 3846+£0833 . | 1816 :9:0.398 2030 +0.444

The mean Cux after the epidural injection of a 150 mg dose of levobupivacaine was
1207 pg/mL. The mean Cex of bupivacaine was similar but. slightly lower than that of
levobupivacaine. Between R(+}-bupivacaine and S(-}-bupivacaine of racemic bupivacaine, the mean G
and AUCo.« of S(-}-bupivacaine were higher over those of R(+)-bupivacaine. The results obtained in this
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study correspond to the same general_differences seen. between. levobupwacame bupivacaine, R(+)-
bupivacaine and S(-}-bupivacaine seen in study 030632

in Patients Undergomg Elec’ave Lower Limb Surgery

Study 006175 was a Phase Il double-blmd randomized, parallel group trial
comparing the -efficacy,-plasma concentrations and safety profiles of two different concentrations of
levobupivacaine (0.5% and 0.75%) with 0.5% racemic bupivacaine in patients undergoing elective lower
limb vascular surgery or arthroscopy performed under epidural anesthesia. Patients were administered 15
mL (75 to 112.5 mg) of study drug (50-150 mg is recommended in the proposed package insert). Eighty-
eight patients were recruited into the study from which blood samples from 26 patients were evaluable for
the pharmacokinetic analysis. Blood samples were taken pre-dose, and at 10, 20, 30, 45 minutes and at 1,
1.5, 2, 4, 6, 8, 10 and 24 hours after injection of the study drug. Table 6 shows the pharmacokinetic
parameters calculated.

Table 6. Phamaookinefic parameters of 0.5% and 0.75% levobupivacaine, 0.5% bupivacaine and the R(+}- and S(-}-
enantiomers in patients undergoing elective surgery under epidural anesthesia.

piva

05824025 0.811 £0.341 041430162 | 018820075 | 0227 £0088
052+0.14 044+0.19 0362008 0362008 0.44029
3561 % 1.483 493 + 1846 20441490 | 070720437 | 12120730

Between 0.5% and 0.75% levobupivacaine (75 mg and 112.5 mg), the mean Cnx and
AUC,. of levobupivacaine were approximately dose-proportional (the values were about 1.4 fold
higher for 0.75% levobupivacaine over those of 0.5% levobupivacaine). The mean Cr after the epidural
injection of a 75 mg dose of 0.5% levobupivacaine was 0.582 pg/mL. The mean Cma 0f 0.5% bupivacaine
was similar but slightly lower than that of levobupivacaine. Between R(+)-bupivacaine and S(-)-bupivacaine -
of racemic bupivacaine, the mean Crax and AUCo24 Of S(- )-buplvacame were higher over those of R(+)-
bupivacaine.

In Patients Undergoing Major Elective Abdominal Surgery

Study CS 005 was a Phase Ill double-blind, randomized controlled trial comparing
the efficacy and safety of 0.75% levobupivacaine with 0.75% bupivacaine in patients undergoing major
abdominal surgery. Each patient received 20 mL of study drug (150 mg) prior to surgery, with allowance
for top-ups (50-150 is recommended in the proposed package insert). Twenty-two patients had
multiple blood samples withdrawn (at 0, 15, 30, 45 minutes and 1, 2, 4, 6, 8 and 10 hours post dose).
Variability in the number and timing of the top-up dosages given meant that the pharmacokinetic
parameters for this group could not be calculated with confidence.
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8.0. BRACHIAL PLEXUS PHARMACOK]NEHCS -

Study 006154 was a Phase Il double-blind randormzed para!lel group tnal oompanng the
efficacy, plasma concentrations,-and. safety: profiles of two_different concentrations of levobupivacaine
(0.5% and 0.25%) with 0.5% racemic bupivacaine in patients undergoing elective hand surgery performed
under local anesthesia with a supractavicular-brachial plexus: block. - Each patient received a dose of 0.4
mlkg (2 mgkg or 3 mg/kg levobupivacaine and. 2 mg/kg bupivacaine).. The: recommended dose in the
proposed package insertis 150 mg- of-0.5% levobupivacaine. : Seventy-six patients in total were recruited
into this study of which blood samples were collected-from 30 evaluable-patients.. .Blood samples were
coflected pre-dose, and at 10, 20, 30,45 minutes and 1, 1.5;:2,.4,-6,-8, 10 and 24 hours after injection of
study drug. Plasma concentration time curves (mean +sd) are presented in Figure 3 and a summary of the
pharmmacokinetic vanab!es in Table 1.

et el
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Figure 3. Concentration time profiles of 0.25% and 0.5% levobupivacaine, 0.5% bupivacaine and R(+)-
-and S(-)- enantiomers in patients undergoing brachial plexus block.

Between 0.25% and 0.5% levobupivacaine, the mean Cux and AUCcu of
levobupivacaine were approximately dose-proportional (the values were about 2 fold and 1.8 fold
higher, respectively, for 0.5% levobupivacaine over those of 0.25% levobupivacaine). The mean Ceax and
AUCs of 0.5% bupivataine were similar but slightly higher than those of 0.5% levobupivacaine.
Between R{+)-bupivacaine and S(-)-bupivacaine of racemic bupivacaine, the mean Cmex and AUCo24 Of S(-
}-bupivacaine were higher over those of R(+)-bupivacaine.
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- -Table-T. . Pharmacokinec parameters-of 0.25 and 0.5% levobupivacaine, 0.5% bupivacaine and the R(+}- and S(-}-
- --~=-'-onmﬁomnpaismsmdugong brad:ldplexusbbdc

0.474 4 0.189 0.961 +0.282 1.029+0.307 | 0.465+0.139 | 0.568 +0.139
0.5+0.16 0.7+034 07+£023 1071026 0.68 £0.23
2999+0767 |'5311+£1.662 - | 6:8324+39825-1-2952+ 1677 | 3.881+2264

4 19.7+227 195+228 128479 136176 126174

9.0. INFILTRATION PHARMACOKINETICS
- Phamacokinetic data was:submitted on-infiltration route of phammacokinetics from two
clinical studies (studies 030428 and030721)="Both stidies Were Phase Il double-blind, randomized,
paralle! group trials comparing the efficacy, safety and pharmacokinetics of 0.25% levobupivacaine with
0.25% bupivacaine when used for ificinguinalinfiltration anesthesia in patients undergoing elective inguinal
- hernia repair. Anesthesia was initiated with 50 mL of study drug (125mg), an additional 10m! could be
administered during the course of surgery (total dose of up to that recommended in the package insert-
150mg). . -
In Study- 030721 the additional amount given varied between 1 and 10 mL and was given
at varying times after the initial administration of the drug, sometimes even in different stages. Therefore,
variability in the dosage regimen meant that calculation of pharmacokinetic parameters could not
be conducted on the 21 patients who had pharmacokinetic samples taken in this study.
In Study 030428 Twenty patients were recruited for pharmacokinetics evaluation, of which
17 were evaluable (9 levobupivacaine, 8 bupivacaine)... Blood samples were taken before the final dose
increment and at 5, 15, 30, 45 minutes, 1,-1.5, 2, 3 and 4 hours post-dose. The summary of the
pharmacokinetic parameters is presented in Table 8. Since blood samples were collected for up to 4 hours
only after administration of study drug, a reliable estimate of the terminal rate constant cannot be obtained.
Also, each of the subsequent doses were given at different times to the patient implying that the peak and
time to peak concentrations and AUCo4-values can only be-used for making gross comparisons. The Crmex
and AUCo4 were higher for S(-}-bupivacaine over R(+)-bupivacaine after the administration of 0.25%
racemic bupivacaine following the general trend seen in other studies. Between levobupivacaine and
racemic bupivacaine, the Cuxx was lower and the AUC was similar for levobupivacaine compared to
bupivacaine.

Table 8. A summary of the pharmacokinefic parameters of racemic bupivacaine, the R(+)}- and S${-} enantiomers, and
levobupivacaine after fioinguinal/infilration anesthesia

4 0.381%0.156 0.418 £0.155 | 0.184 £0.065 0.234 £0.090
1 0.56 £0.52 032+025 029 +0.14 0324025
1 1.128 £0559 1.090 £0.395 | 0.464 £0.160 0.626 £0.235
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10.0. PERIBULBAR BLOCK PHARMACOKINETICS

This was a Phase il double-blind, randomized, parallel group trial comparing the efficacy
and safety of 0.75% levobupivacaine with 0.75% bupivacaine in sixty (60) patients undergoing elective
ophthalmic anterior segment surgery performed under peribulbar block (study 030737). Ophthalmic block
was achieved with a total dose of 37.5 mg (sponsor’s proposed dosage recommendation is 37.5 ~ 112.5
mg). Pharmacokinetics were determined from twenty (20) of the sixty (60) patients. Blood samples were
coliected pre-dose and at 10, 15, 30, 45 minutes and 1, 2 and 4 hours after administration of study drug. A
summary of the pharmacokinetic parameters is presented in Table 9. Since blood samples were collected
for up to 4 hours only after administration of study drug, a reliable estimate of the terminal rate constant
cannot be obtained. Therefore, emphasis is on the peak and time to peak concentrations only and AUCo4
values should be viewed with caution (AUCou s to be used for gross comparisons). The'mean Cme Was
041 pg/mL after the administration of a 37.5 mg dose of 0.75% levobupivacaine. Between
levobupivacaine and racemic bupivacaine, Cuex and AUCs4 of levobupivacaine were 147% and 125%
of that racemic bupivacaine. As was found in other studies, the Crax and AUCo4 were higher for S(-)-
bupivacaine over R(+)-bupivacaine after the administration of 0.75% racemic bupivacaine.

Table 8. A summary of the pharmacokineic parametars of racemic bupivacaine, the R(+}- and S(-)-
eneantiomers, and lavobupivacaine efter peribulbar block.

Bi Blsacibie S :
041010 125 0281+£0.09 |0.122+0.043 015910053
03210.17 0.36+£0.25 036025 0.43+032
0.548 +£0.128 0.439+£0.120 | 0.185+0.050 0.254 £0.071

11.0. SPECIAL POPULATIONS

No separate studies were conducted investigaing the phammacokinetics of
levobupivacaine in renal failure, hepatic failure, and pediatric populations. Available information on
bupivacaine was summarized from the literature in renal faflure and hepatic failure patients. In vitro drug-
drug interactions were examined between levobupivacaine and other drugs such as morphine, clonidine,
sufentanil, and fentanil. An attempt was made 1o isolate gender and age (i.e. elderly) effects from the
phamacokinetic studies.

11.1. Hepatic Failure

~ Mather, McCall and McNico! (Bupivacaine enantiomer pharmacokinetics after intercostal
neural blockade in liver transplantation patients. Anesth. Analg. 1995; 80: 328-335), have studied 12
patients who have received bupivacaine as an intercostal block following orthoptic fiver transplant. In these
patients the transplanted liver takes a period of a few days to recover its normal function after surgery and
this is the closest situation found in the literature to patients with liver dysfunction receiving bupivacaine.
Pharmacokinetic analysis shows that the eliminafion of the drug in such patients is prolonged, as can be
expected in a drug extensively metabolized in the fiver. However, the design of the study (no control
group, extravascular route of administration, different dosage regimen etc.) is such that no meaningful
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information is available from this study to quantify the degree of alteration in the pharmacokinetics of
bupivacaine in this patient population other than coming to a conclusion of impaired clearance based on
comparison with historical data.

11.2. Renal Failure _

Rice, Pither and Tucker (Reference: Plasma concentrations of bupivacaine after
supraclavicular brachial plexus blockade in patients with chronic renal failure. Anesthesia, 1991; Vol 46:
354-357.) describe a study in which they compared 10 normal patients with 10 patients having chronic
renal failure (classification based on serum creatinine, serum urea, and serum alpha-1-acid glycoprotein
which were significantly elevated), undergoing a brachial plexus block with 0.5% bupivacaine. Neither the
block characteristics nor the phammacokinetic parameters were influenced by the presence of renal
dysfunction (mean Cnax and AUC values were 93% and 116% of that of the control group). This finding is
expected for a drug where urinary excretion is not extensive.

11.3. Elderly :

The sponsor attempted retrospectively to tease out age effect from already conducted
pharmacokinetic studies. Four studies had a spread of age groups, study 030737 (peribulbar block),
030428 (lioinguinalinfiltration anesthesia), 006154 (brachial plexus block) and 006175 (epidural
anesthesia). As the 4 studies involve the administration of the study drug at a variety of different sites, and
at a variety of different concentrations, no attempt has been made to pool the data. In particular, the blood
supply at the sites chosen for each study would differ markedly and significantly alter the absorption
characteristics from that site. Therefore, the sponsor chose to discuss each study on the data from each
study discretely.

The limited data indicate that whilst there are some differences in tna, Crmax and AUC for
levobupivacaine and bupivacaine with regards to age (between age groups of >65, 65-75, and >75 years),
these are small and vary depending on the site of administration but the observations are based on small
numbers. Thus there appears to be no data to suggest a clinically significant difference in the
pharmacokinetic characteristics caused by age changes.

11.4. Gender

The sponsor attempted retrospectively to tease out gender effect from already conducted
phammacokinetic studies. However, the small number of subjects in either of the male and female groups,
the different routes of administration (data could not be pooled) in the different studies did not permit the
assessment of a consistent trend.

12.5. Pediatrics

No data on the pharmacokinetics of levobupivacaine in pediatrics has been
submitted. However, efficacy data via infittration and epidural blocks in children aged from six months to
12 years was submitted fo the clinical section of the NDA.

12.6. Maternal/Fetal Ratio

Post defivery maternal and umbilical vein concentrations of levobupivacaine, bupivacaine,
and the R(+}- and S(-}- enanfiomers of bupivacaine were examined in studies 030276, 030632 and CS
001. All three studies involved epidural anesthesia, 030276 in patients in labor, and 030632 and CS 001 in
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patients undergoing elective Caesarian section. The results of the post delivery maternal and umbilical
vein concentration, along with the rafio between the two, are presented in Table 10.

The Caesarian section studies, 030632 and CS001 both concluded with similar results, with
the ratio of umbilical venous and maternal concentration of levobupivacaine, bupivacaine and the
R(+)- and S(-)- enantiomers ranging from 0.252 - 0.303. Study 030276, in patients receiving analgesia
during labor, exhibited much lower ratio’s for bupivacaine and its two enantiomers (0.081 — 0.092). It is not
clear if this is an artifact or real (the %CV for